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Hydrology 

Annual and monthly flow duration curves were computed for the period of record from January 
1941 through December 1995. The computations were based on daily flows as reported by the 
USGS for the gaging station at the Skagit River near Mt. Vernon. Figure 4.2-1 shows the annual 
flow duration curve while Figure 4.2-2 shows monthly flow duration curves for the period of 
record. The annual and monthly data is presented in Table 4.2-1. 

Comparisons of the normal runoff pattern for are easily seen from the monthly flow duration 
figures. In June during the spring snowmelt stream flow is always above 10,000 cfs while in 
September streamflow is above 10,000 cfs on only 30% of the days. 

Table 4.2-1 Annual and Mean Monthly Flow Duration Curves 

Percent 
Exceedence Annual Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

0% 142000 81300 138000 50500 82300 74200 71400 73900 38100 37500 88000 142000 123000 

1% 50800 49600 48800 32700 30700 48600 54600 47800 27200 24300 45600 77200 61000 

2% 43600 42200 42000 28200 26900 42700 51900 44500 24800 20600 36500 57300 53400 

3% 38900 38900 37500 25700 25200 39000 49400 41400 23000 19000 32400 50900 47600 

4% 36100 36100 34500 24400 24400 37200 46300 39700 20700 17500 29000 48200 43800 

5% 33700 33800 33000 23600 23700 35700 44400 37800 19800 16500 26400 44500 41000 

6% 32100 31900 30900 22400 23000 34400 42300 36400 19100 15900 25300 40600 38900 

7% 30600 30300 29600 21800 22600 33200 40100 35300 18800 15400 23500 36500 37100 

8% 29300 28800 28400 21300 22100 32400 39200 34200 18200 15000 22500 33900 34300 

9% 28300 27800 27100 21000 21600 31400 37800 33400 17500 14500 21800 32300 32100 

10% 27400 27000 26000 20500 21200 30700 37100 32300 17300 14I00 21100 30800 30500 

11% 26500 26200 25100 20100 20800 30100 36400 31800 16800 13500 20400 29100 29200 

12% 25900 25600 24200 19600 20400 29600 35800 31100 16600 13200 19500 28100 28400 

13% 25200 .25000 23600 19300 20100 28900 34900 30300 16100 12900 19100 27100 27500 

14% 24600 24400 22800 19100 19900 28500 34200 29700 15800 12700 18300 26100 26800 

15% 24100 23800 22100 18800 19600 28000 33800 29100 15600 12500 17800 25600 26400 

16% 23500 23200 21700 18500 19300 27700 33000 28500 15400 12300 17400 24800 25900 

17% 23000 22600 21400 18100 19100 27400 32500 28000 15100 12100 17200 24100 25200 

18% 22500 22100 21100 17900 18800 26800 32000 27400 14900 11900 16800 23300 24700 

19% 22100 21800 20700 17600 18700 26400 31600 26900 14700 11600 16500 23000 24200 

~~~--:- -

21% 21300 21100 20100 17200 18200 25800 30600 14300 11100 15800 22000 23200 

22% 20900 20700 19800 16900 18000 25500 30200 25900 14000 11000 15400 21400 22800 

23% 20600 20500 19600 16700 17900 25200 29900 25600 13900 10900 15000 21000 22400 

24% 20200 20100 19300 16600 17700 24800 29400 25200 13700 10700 14800 20600 22100 

25% 19900 19800 19000 16400 17500 24500 29000 24900 13500 10600 14400 20200 21800 
I 

26% 19600 19600 18900 16300 17400 24100 28700 24500 13400 10500 14200 19900 21500 

27% 19300 19300 18700 16200 17300 23900 28400 24100 13200 10300 14000 19700 21200 

28% 19000 19100 18500 16100 17100 23600 28100 23800 13100 10100 13700 19400 20800 

29% 18800 18900 18300 15900 16900 23400 27900 23500 12900 10000 13500 19100 20600 
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Table 4.2-1 Annual and Mean Monthly Flow Duration Curves 

Percent 
Exceedence Annual Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

30% 18500 18600 18100 15800 16800 23100 27500 23100 12700 9860 13300 18800 20200 

31¾ 18200 18400 18000 15600 16700 22900 27200 22900 12600 9760 13100 18600 20000 
32% 18000 18200 17800 15400 16500 22600 26800 22500 12400 9680 12800 18200 19700 

33% 17800 18100 17600 15300 16300 22400 26500 22100 12300 9600 12600 17900 19400 

34% 17600 17900 17500 15200 16200 22200 26300 21900 12200 9550 12400 17500 19000 

35% 17400 17800 17400 15100 16100 22100 26000 21600 12000 9470 12300 17200 18700 

· 36% 17100 17600 17100 14900 16000 21900 25800 21300 11900 9380 12100 17000 18500 

37% 16900 17500 17000 14800 15800 21700 25600 20900 11800 9280 11900 16800 18300 

38% 16700 17200 16800 14700 15700 21400 25300 20600 11800 9180 11800 16600 18100 

39% 16500 17100 16600 14600 15600 21100 25000 20400 11600 9140 11500 16400 18000 

40% 16300 16900 16300 14400 15400 20900 24800 20100 11500 9040 11400 16100 17800 

41% 16100 16800 16100 14300 15300 20700 24700 19900 11400 8980 11300 16000 17600 

42% 15900 16600 15900 14200 15100 20500 24500 19600 11300 8910 11100 15800 17500 

43% 15800 16500 15800 14100 15000 20300 24200 19400 11200 8830 11000 15600 17300 

44% 15600 16400 15600 14000 14900 20100 24000 19200 11100 8760 10900 15500 17000 

45% 15400 16200 15400 13900 14700 19800 23700 19000 11000 8730 10700 15300 16900 

46% 15200 16100 15200 13700 14600 19700 23500 18800 10900 8610 10600 15200 16800 

47% 15000 16000 15100 13600 14500 19600 23300 18600 10900 8540 10400 15000 16600 

48% 14800 15900 15000 13500 14400 19300 23200 18400 10800 8450 10200 14800 16400 

49% 14600 15700 14800 13300 14200 19200 22900 18300 10700 8400 10100 14600 16300 
P.~n:"-"'"~~~~"r,,-,.,, ts~=ii:.,~1fl:tni~~~fn;;;~ ---~ m\'}~•7t•=~:§:l1l?·~~A 
¥- - -+~-~~2:_,~::..~F ~-~-~~ ... ~~'£'-=-~- ----~~...co.~.:'.=--=-- , -~,,,.~~-t&~~. ~=-~T ~ ~~~ ~'--'--~~-~----.... -,C.. ... f 

51% 14300 15500 14500 13100 14000 18800 22400 17900 10500 8300 9680 14400 15900 

52% 14100 15400 14400 13000 13900 18700 22300 17800 10400 8210 9580 14200 15700 

53% 14000 15200 14200 12900 13800 18500 22100 17600 10300 8180 9430 14000 15500 

54% 13800 15100 14100 12800 13700 18300 22000 17400 10300 8140 9310 13800 15300 

55% 13600 14900 14000 12700 13600 18000 21900 17300 10200 8090 9180 13800 15200 

56% 13500 14700 13800 12600 13500 17900 21800 17200 10100 8050 9080 13600 15000 

57% 13300 14500 13700 12500 13400 17700 21600 17000 10000 8000 8960 13500 14800 

58% 13200 14300 13600 12400 13200 17600 21500 16800 9930 7970 8820 13400 14600 

59% 13000 14100 13500 12300 13100 17500 21200 16600 9830 7920 8680 13200 14500 

60% 12800 14000 13300 12200 13000 17400 20900 16500 9780 7830 8580 13100 14400 

61% 12700 13800 13200 12100 12900 17100 20800 16300 9720 7780 8490 13000 14200 

62% 12500 13700 13100 12000 12800 16900 20600 16200 9650 7720 8340 12800 14100 

63% 12400 13600 13000 12000 12700 16700 20400 16000 9560 7670 8210 12700 14000 

64% 12200 13400 12900 11800 12600 16600 20200 15800 9470 7610 8130 12500 13800 

65% 12100 13300 12800 11700 12500 16400 20100 15600 9380 7560 8040 12400 13700 

66% 11900 13100 12600 11600 12400 16300 19900 15500 9320 7510 7970 12300 13600 

67% 11800 13000 12500 11500 12200 16100 19700 15300 9240 7460 7850 12200 13400 

68% 11600 128~0 12400 11400 12100 16000 19500 15100 9170 7400 7700 12100 13200 

69% 11500 12700 12200 11300 12000 15900 19400 15000 9140 7360 7600 12000 13100 

70% 11300 12500 12100 11200 11900 15700 19100 14800 9080 7300 7500 11900 13000 

71¾ 11200 12500 11900 11000 11800 15500 18900 14700 8960 7260 7380 11800 12900 

72% I 1000 12300 11800 10900 11700 15400 18700 14500 8900 7230 7270 11700 12700 
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Table 4.2-1 Annual and Mean Monthly Flow Duration Curves 

Percent 
Exceedence Annual Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

73% 10800 12200 11800 10800 11600 15200 18600 14300 8800 7180 7170 11500 12500 
74% 10700 12100 11600 10600 11500 15000 18300 14100 8760 7130 7100 11200 12400 
75% 10500 11900 11500 10400 11400 14900 18100 14000 8630 7080 7010 11000 12300 
76% 10300 11800 11200 10300 11300 14800 17900 13800 8550 7020 6970 10900 12200 

77% 10100 11600 11100 10200 11200 14600 17800 13600 8490 6940 6880 10700 12000 

78% 9960 11500 10900 10100 11000 14500 17600 13400 8380 6900 6780 10500 11900 

79% 9790 11300 10800 9990 10900 14300 17500 13300 8340 6810 10400 11700 

81% 9470 10900 l0500 9810 10600 14000 17100 12900 8180 6710 6520 9910 11500 

82% 9310 10700 10400 9730 10500 13800 16900 12700 8110 6630 6460 9720 11300 

83% 9160 10500 10300 9650 10400 13600 16700 12500 8000 6570 6300 9570 11200 

84% 8970 10400 10000 9510 10300 13400 16400 12300 7900 6500 6190 9380 11000 

85% 8800 10200 9840 9430 10200 13100 16200 12100 7770 6400 6IO0 9190 10900 

86% 8600 9820 9690 9290 10200 13000 15900 11900 7680 6310 5990 9040 10600 

87% 8390 9600 9570 9160 10000 12800 15800 11700 7600 6230 5900 8760 10400 

88% 8220 9380 9380 8980 , 9930 12600 15300 11500 7520 6180 5780 8520 10200 

89% 8070 9120 9240 8890 9780 12400 15000 11400 7430 6080 5730 8350 10000 

90% 7870 8960 9050 8760 9690 12300 14800 11200 7340 6000 5610 8160 9730 

9l¾ 7670 8850 8870 85IO 9530 12000 14500 11000 7200 5880 5470 7800 9510 

92% 7460 8760 8760 8320 9350 11800 14400 10700 7040 5800 5330 7580 9340 

93% 7240 8500 8380 8000 9220 11700 14000 10400 6920 5680 5240 7330 9020 

94% 7010 8350 8180 7850 8960 11500 13800 10000 6820 5530 5110 7140 8630 

95% 6800 81 JO 7900 7640 8760 11200 13500 9730 6700 5410 4860 6850 8340 

96% 6530 7820 7660 7390 8470 10800 13200 9460 6540 5320 4800 6620 7960 

97% 6180 7570 7360 7010 8250 10500 12600 9250 6300 5140 4470 6180 7600 

98% 5760 7170 6830 6820 8020 10200 11900 8830 6020 4990 4260 5860 7140 

99% 5250 6820 6320 6250 7790 9550 11600 8040 5660 4600 3860 5470 6220 

100% 3050 5500 5160 4970 6630 7730 10200 6540 4700 3860 3050 3700 4920 
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Discussion and Flow Recommendations 

5.0 DISCUSSION AND FLOW RECOMMENDATIONS 

This section is organized into three subsections that address separate topics in the overall 
instream flow issue: the first section uses the results of the Lower Skagit IFIM as the basis for 
recommended instream flows for the Lower Skagit River; the second and third sections use the 
results of the estuary studies and the hydrology analysis as the basis for recommending a 
maximwn allowable water allocation from the Lower Skagit River. 

5.1 Main River IFIM 

The Main River IFIM study produced Weighted Useable Area results (WUA), an index of habitat 
value, for both the spawning and rearing life stages of several salmonid species. Although WUA 
values have been presented for several species, the Committee selected to incorporate 
recommendations primarily on results of the relevant life stages of three target species. The 
target species and life stages are chinook and steelhead in the rearing life stage and chinook, 
chum, and steelhead in the spawning lifestage. Using the results from these species should 
protect other species and aquatic resources of the lower Skagit River. 

5.1.1 Rearing Life Stage. 

Of the salmonids addressed in this study, four species spend substantial time rearing in the 
mainstem Skagit River as juveniles or adults. These four species are chinook salmon, steelhead 
trout, cutthroat trout, and bull trout. Both chinook salmon and steelhead trout are species of 
concern in the Skagit River basin. Skagit River chinook salmon have recently been listed as 
threatened under the Endangered Species Act (March 16, 1999). Skagit River steelhead are an 
extremely important fish to both tribal and sport fishers. Populations of both species have 
declined in the last 20 years. 

5.1.1.1 Life History Considerations 

Juveniles of both chinook salmon and steelhead trout rear in the mainstem Skagit throughout the 
year (see Figure 2.1-2, Periodicity). Cutthroat trout and bull trout both use tributaries as well as 
the mainstem Skagit for rearing during juvenile and adult life stages. Cutthroat trout and bull 
trout frequency is naturally less abundant in the mainstem Skagit than most other salmonid 
species. 

Chum and pink salmon fry begin downstream migration soon after emerging from the gravel. 
Both species use the mainstem Skagit primarily as an outmigration corridor. Although both 
species feed during this outmigration, any rearing is considered to be transitory and brief at any 
location. 
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During the juvenile rearing life stage, coho salmon show a strong affinity for instream cover and 
low water velocity. This factor generally produces more coho salmon rearing area in smaller 
tributaries and off channel sloughs than in the mainstem Skagit (Pete Castle, WDFW, personal 
communication). 

5.1.1.2 Rearing WUA Results 

Figure 5.1-1 shows the Weighted Usable Area (WUA) and discharge relationship for the rearing 
life stage of all species of salmon and trout in the Lower Skagit River. Selecting the flow with 
the maximum habitat for one species can significantly reduce the amount of habitat available for 
another species. For example, the maximwn habitat for rearing chinook (24,909 sq. ft./1,000 
linear ft. of stream) occurs at a flow of7,500 cfs (Table 5.1.1). The corresponding habitat area 
for steelhead rearing at 7,500 cfs is 19,571 sq. ft. which is 76% of the maximum steelhead 
rearing habitat of27,21 l sq. ft. that occurs at a flow of26,000 cfs. Consequently, instream flows 
must be carefully shaped to consider all target species in a system. 

Under flow conditions that occur more than 80% of the time in the Lower Skagit River (over 
9600 cfs), changes in river discharge do not dramatically effect cutthroat trout or coho salmon 
rearing habitat (Figure 5 .1-2). 

5.1.1.3 Decisions made by the Skagit River Jnstream Flow Committee 

After considering the habitat needs of all the species, the committee determined that the rearing 
habitat requirements of cutthroat trout, bull trout, and coho salmon would be adequately met with 
the recommended flows for chinook and steelhead rearing. Therefore, efforts focused on 
provided optimal instream flows for rearing steelhead trout and chinook salmon. The Committee 
also determined that the most equitable means to balance the rearing habitat needs of both target 
species was to weight the habitat available for each species equally. By averaging the WUA for 
chinook and steelhead, a flow of 10,000 cfs provides the combined maximum habitat Figure 
(5.1-2). Table 5.1-1 further illustrates that a flow of 10,000 cfs balances habitat requirements for 
both steelhead trout and chinook salmon; it provides 92% of the maximum habitat for chinook 
rearing and 86% of the maximum habitat for steelhead rearing. 

Considering this analysis for the rearing life stage of the target species, the Committee agreed 
that 10,000 cfs be the recommended instream flow for the chinook salmon and steelhead trout 
rearing life stage. The recommended rearing flow will be used during the time periods when 
spawning by steelhead qout, chinook salmon, or chum salmon is not occurring in the Lower 
Skagit River. The flow of 10,000 cfs will be in effect for the months of January, February, 
March, July, August, September, and the period December 16 - 31. 

000981 
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5.1.2 Spawning Life Stage 

Four species of salmonids regularly spawn in the Lower Skagit River study area: pink salmon, 
chum salmon, chinook salmon, and steelhead trout. As stated in section 2.1.3, nearly all 
spawning in the lower mainstem of the Skagit River takes place just below the Highway 9 
bridge, in the vicinity of Transects 7 and 8 (See Figure 2.1-1 ). Transects 7 and 8 were the used 
to model spawning habitat in the mainstem Skagit River study area .. 

I 
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Table 5.1-1 Lower Skagit River Rearing WUA -All Transects Combined 

Combined 
Chinook & 

Total Bull Trout Chinook Coho Cutthroat Steelhead Steelhead 
Flow Area Rearing Rearing Rearing Rearing Rearing Rearing 

2,900 368,196 8,412 19,117 11,586 6,601 10,488 14,803 

3,000 369,184 8,644 19,347 11,651 6,880 10,689 15,018 

3,500 378,070 10,008 20,803 11,332 7,933 11,892 16,347 

4,000 381,27 I I 1,855 21,777 10,689 9,339 13,029 17,403 

4,500 385,578 13,232 22,504 9,916 10,274 14,149 18,326 
--------------------------------------------------------------------------------------- -

5,000 389,61 I 14,682 22,946 9,163 10,978 15,130 19,038 

5,500 393,121 16,070 23,295 8,771 11,731 15,927 19,6 I 1 

6,000 397,411 17,193 23,821 8,482 12,576 16,767 20,294 

6,500 400,903 18, l09 24,400 8,228 13,468 17,779 21,089 

7,000 404,869 19,301 24,616 8,078 14,005 18,754 2(685 
-----------------------------------------------------------------------------------------

7,500 409,728 20,604 24,909 7,938 14,300 19,571 22,240 

8,000 420,592 22,109 24,839 7,766 14,626 20,559 22,699 

9,000 434,575 24,563 24,796 7,489 15,330 22,632 23,714 

10,000 443,727 2_6,653 24,380 7,056 16,027 23,387 23,883 

11,000 451,795 27,985 23,200 6,842 16,499 23,915 23,558 
-----------------------------------------------------------------------------------------

12,000 460,570 29,149 21,819 6,442 16,289 24,334 23,077 

13,000 471,225 30,022 20,335 6, I 14 15,874 24,543 22,439 

14,000 480,057 30,902 19,440 5,644 15,371 25,193 22,316 

15,000 490,766 32,062 18,156 5,126 14,975 25,326 21,741 

16,000 498,314 32,588 16,911 4,689 14,525 25,279 21,095 
-----------------------------------------------------------------------------------------

17,000 506,438 32,972 15,629 4,233 14,367 25,076 20,353 

18,000 514,988 33,214 14,436 3,869 13,660 24,772 19,604 

19,000 530,544 34,310 14,812 4,070 13,263 25,248 20,030 

20,000 542,238 35,399 15,443 4,241 12,959 25,799 20,621 

21,000 551,343 36,749 15,981 4,282 12,793 26,126 21,054 
-----------------------------------------------------------------------------------------

22,000 560,304 37,907 16,726 4,345 12,776 26,597 21,662 

23,000 570,043 39,172 17,236 4,701 12,914 26,732 21,984 

24,000 581,621 40,169 18,005 5,298 13,230 26,978 22,491 

25,000 593,669 41,265 18,789 5,977 13,471 27,054 22,921 

26,000 603,048 . 42,285 19,845 6,616 13,507 27,211 23,528 -------------------+-----------------------------------------------------------------
27,000 611,373 

28,000 624,595 

29,000 626,082 

43,425 

44,308 

44,243 
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Discussion and Flow Recommendations 

Table 5.1-1 Lower Skagit River Rearing WUA - All Transects Combined 

Combined 
Chinook & 

Total Bull Trout Chinook Coho Cutthroat Steelhead Steelhead 
Flow Area Rearing Rearing Rearing Rearing Rearing Rearing 

30,000 627,569 44,192 21,215 7,860 12,736 26,266 23,740 

32,500 631,792 44,500 20,613 7,674 12,030 25,187 22,900 
-----------------------------------------------------------------------------------------35,000 635,803 43,845 20,341 7,457 11,517 24,213 22,277 

37,500 640,075 43,129 20,362 7,179 11,049 23,344 21,853 

40,000 657,373 42,338 20,357 6,981 10,543 22,406 21,381 

42,500 661,296 41,679 21,541 7,488 10,298 21,949 21,745 

45,000 667,787 41,201 21,458 7,879 9,999 21,251 21,355 
-------------------------------------------------------------------------------------- -

47,500 670,032 40,129 21,616 8,458 9,778 20,874 21,245 

50,000 671,792 39,135 21,493 8,636 9,533 20,449 20,971 

52,500 673,222 37,583 21,406 8,270 9,288 20,032 20,719 

55,000 675,772 36,208 21,332 7,943 8,993 19,619 20,475 

57,500 676,933 34,948 21,393 7,441 8,813 19,264 20,329 
-----------------------------------------------------------------------------------------

60,000 678,118 33,786 21,373 6,846 8,693 18,895 20,134 

62,500 679,602 32,689 21,373 6,309 8,564 18,617 19,995 

65,000 680,677 31,549 21,389 5,917 8,473 18,416 19,903 

67,500 683,061 30,520 21,405 5,960 8,390 18,206 19,805 

70,000 684,030 29,597 21,501 6,005 8,337 18,038 19,770 
---------------------------------------------------------------------------------------72 000 684 601 28 912 21 507 6,020 8,327 17,895 19,701 

5.1.2.1 Spawning Periodicity 

In the Lower Skagit River, steelhead trout spawn in the spring from April through June. Fig. xx, 
shows the spawning periodicity for each of the species. Pink, Chum, and Chinook salmon begin 
spawning in the Lower Skagit River in October. Pink and chinook salmon spawn through mid 
November while churn spawning can continue through mid December (Fi°gure xx). Chinook and 
chum salmon spawn every year while pink salmon only spawn in odd numbered years. 

5.1.2.2 Spawning WUA Results 

Maximum steelhead spawning habitat occurs at a flow of 12,000 cfs while the maximum 
chinook spawning habitat occurs at a flow of 14,000 cfs and the maximum chum and pink 
spawning habitat occurs at 11,000 cfs (Figure 5.1-2, Table 5.1.2). At the maximum chinook 
spawning flow of 14,000 cfs, churn spawning habitat is 87% of it's maximum. 
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5.1.2.3 Decisions made by the Skagit River Jnstream Flow Committee 

As with the rearing life stage, the committee chose to combine life stages of two species in the 
final analysis. Due to the high concern placed on chinook by its listing under the Endangered 
Species Act, the Committee chose to weight chinook spawning habitat by a factor of 70% and 
weight chum spawning habitat by a factor of 30%. Determination of the WUA for chinook and 
chum spawning by this weighted average method, show that a flow of 13,000 cfs provides the 
maximum spawning habitat ( Figure 5.1-2). 

An instream flow of 13,000 cfs also provides 99.8% of maximum chinook spawning habitat and 
93% of maximum churn spawning habitat (Table 5.1.2 ). An instream flow of 13,000 cfs 
provides 87% of maximum pink spawning habitat. Based on these considerations, the 
Committee concluded that pink salmon spawning habitat would be protected by a 13,000 cfs 
instream flow. 

The Committee recommended an instream flow of 12,000 cfs for steelhead trout spawning, 
13,000 cfs for combined chinook and chum spawning, and 11,000 cfs for chum spawning in the 
Lower Skagit River. The instream flow for steelhead spawning would occur in April, May, and 
June. The instream flow for combined chinook and chum spawning would occur from October I 
through November 15. The instream flow for chum salmon spawning will continue from 
November 16 through December 15. Table 5.1.3 lists the instream flows recommended by the 
Committee for each month of the year. 
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Table 5.1-2 Lower Skagit River Spawning WUA - Transects 7 & 8 Combined 

Combined 
Surface Chum Chinook Pink Steelhead Chinook & Chum 

Flow Area Spawning Spawning Spawning Spa\vning Spawning 

2,900 341,828 25,912 61,769 10,232 30,671 52,805 

3,000 344,590 26,222 62,315 10,248 31,255 53,292 

3,500 384,074 26,624 64,906 10,351 34,682 55,335 

4,000 409,999 28,809 66,791 I 1,561 38,172 57,296 ----------------------------------------------------------------------------------
4,500 440,591 37,178 66,818 20,076 4 I ,63 8 59,408 

5,000 483,970 48,876 71,651 28,213 47,206 65,958 

5,500 517,515 56,519 80,785 34,810 52,992 74,719 

6,000 561,953 72,062 88,531 48,394 58,236 84,414 

6,500 580,432 83,472 95,222 59,066 67,251 92,285 ----------------------------------------------------------------------------------
7,000 592,422 94,741 103,761 71,391 74,493 101,506 

7,500 605,098 99,857 112,005 78,217 78,998 l 08,968 

8,000 637,l 16 104,451 121,626 82,068 86,871 117,333 

9,000 691,657 117,731 137,651 90,232 95,419 132,671 

10,000 696,139 131,087 153,846 100,096 109,992 148,156 -------------------- ----------
11,000 700,286 169,514 

12,000 705,571 130,682 178,697 

13,000 710,477 124,802 182,854 

14,000 713,405 117,385 183,129 78,968 121,631 166,693 

I 5,000 716,694 108,799- 62,638 I 18,774 164,036 
------------------------ -------------------------------------

16,000 721,178 98,123 181,210 47,557 115,244 160,439 

17,000 725,729 87,102 179,638 34,654 I 06,3 74 156,504 

18,000 728,974 76,158 178,244 24,253 92,473 152,722 

19,000 732,587 66,904 169,747 19,330 81,529 144,036 

20,000 738,813 58,864 160,551 16,727 74,649 135,129 
----------------------------------------------------------------------------------

21,000 743,898 51,608 152,124 14,995 67,867 126,995 

22,000 755,097 45,875 146,449 14,479 64,538 121,305 

23,000 762,919 40,813 143,523 13,610 62,127 117,845 

24,000 772,162 37,024 142,156 13,414 61,047 115,873 

25,000 780,320 34,104 141,577 13,281 60,132 114,709 
----------------------------------------------------------------------------------

26,000 788,851 32,814 142,148 13,454 58,895 114,815 

27,000 795,102 31,43 I 143,515 14,368 58,630 115,494 

28,000 806,892 29,555 145,896 15,786 59,134 116,811 

29,000 816,714 28,089 147,029 14,658 58,557 117,294 

30,000 823,973 26,259 147,661 13,515 58,199 117,311 
----------------------------------------------------------------------------------

----------------------------------
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Table 5.1-2 Lower Skagit River Spawning WUA- Transects 7 & 8 Combined 

Combined 
Surface Chum Chinook Pink Steelhead Chinook & Chum 

Flow Area Spawning Spawning Spawning Spawning Spawning 
32,500 841,183 22,751 146,232 9,657 55,485 115,362 

35,000 858,070 20,523 142,509 · 6,421 52,688 112,012 

37,500 869,917 19,658 139,210 3,669 50,701 109,322 

40,000 881,655 20,122 136,183 2,341 49,762 107,168 

42,500 894,125 20,193 134,150 1,569 49,463 105,661 
-----------------------------------------------------------------------------------

45,000 913,911 20,386 132,628 1,163 49,088 104,568 

47,500 926,513 20,703 131,518 972 49,282 103,814 

50,000 934,742 20,691 130,688 784 48,986 103,188 

52,500 940,800 20,721 129,871 613 48,692 102,584 

55,000 947,189 20,591 129,152 444 48,401 102,012 
-----------------------------------------------------------------------------------

57,500 953,332 20,467 128,436 355 48,095 101,444 

60,000 961,950 19,488 127,703 344 47,725 100,649 

62,500 976,944 18,802 126,910 350 47,240 99,883 

65,000 985,485 18,136 126,155 354 46,811 99,150 

67,500 1,001,692 19,004 125,510 364 46,539 98,883 
---------------------- -------------------------------------- .--------- -

70,000 1,006,065 19,820 124,886 373 46,286 98,620 

72,000 1,007 485 19 867 124 390 360 46023 98.259 

i 
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Table 5.1-3 Recommended Flows for the Lower Skagit River Based on IFIM 
and Estuary Studies - Measured at USGS Sta.#12200500 Skagit River near Mt. 
Vernon, WA 

Recommended 
Month Flow (CFS) Issue 

January 10,000 Steelhead & Chinook Rearing 

February 10,000 Steelhead & Chinook Rearing 

March 10,000 Steelhead & Chinook Rearing 

April 12,000 Steelhead Spawning 

May 12,000 Steelhead Spawning 

June 12,000 Steelhead Spawning 

July 10,000 Steelhead & Chinook Rearing 

August 10,000 Steelhead & Chinook Rearing 

September 10,000 Steelhead & Chinook Rearing 

October 13,000 
Chum Spawning 
Chinook Spawning 

November 1-15 13,000 
Chum Spawning 
Chinook Spawning 

November 16-30 11,000 Chum Spawning 

December 1-15 11,000 Chum Spawning 

December 16-3 l 10,000 Steelhead & Chinook Rearing 

5.2 Estuary Studies 

Although the recommended instream flows from Section 5.1 will adequately protect the habitat 
for the target species in the Lower Mainstem Skagit River, other important factors described in 
the estuary studies (Section 3) are not adequately addressed by the instream flows in Table 5.1.3. 

5.2.J Life History Considerations 

Many estuarine species including salmonids are adapted to exploit the constantly changing 

habitat conditions that are provided by the estuary. Congleton, (1978), and Mason, (1974), have 
noted the behavioral adaptations of juvenile salmonids in the estuary to migrate diurnally from 
refuge channels and feed in the temporarily inundated over-bank habitat. The estuary habitat is 
primarily utilized by rearing salmonids from February through August. 
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5.2.2 Estuary Habitat Results 

The results in Section 3.6.5 of the estuary studies clearly indicate the relationship between both 
tide and stream flow as critical factors for determining the duration of inundation in estuarine 
habitats. Table 3.6.3 presents the average percent reduction in time that the critical 1 foot depth 
criteria is equaled or exceeded with a 500cfs incremental reduction in flow between the flows of 
10,000 and 25,000 cfs. 

Table 5.2-1 shows the effect of incremental flow changes on duration of inundation for all sites 
combined in increments of 100 cfs. Increments of 100 cfs as well as the 10% threshold were 
obtained by linear interpolation between 500, 1,000, and 1,500 cfs increments. 

5.2.3 Decisions made by the Skagit River lnstream Flow Committee 

Given the results from Table 5.2-1 it was evident that any reduction in flow would cause some 
reduction in the duration of inundation for the estuary habitat. The Committee discussed the 
issue of impacts and decided that significant impacts to the duration of over-bank inundation 
should be avoided. Based on the professional judgement of the group, the Committee further 
determined that a 10% maximum threshold was a reasonable level to set for significant impacts. 

Based on this analysis, the Committee determined that the I 0% reduction threshold was reached 
at 836 cfs. The Committee recommended that for the months of February through August the 
maximum allocation of water from the Lower Skagit River be limited to 836 cfs. 

I 
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Discussion and Flow Recommendations 

Table 5.2-1. Effect of flow change on percent time that 1 foot 
criteria is equaled or exceeded. All sites combined and effects 
averaged over the range of flows from 10,000 to 25,000 cfs. 

Flow Change of Interest (cfs) Percent Reduction 
500 6.4% 

600 7.5% 

700 8.6% 

800 9.6% 

836 10.0% 

900 10.7% 

1,000 11.8% 

1,100 12.8% 

1,200 13.8% 

1,300 14.8% 

1,400 15.8% 

1,500 16.8% 

5.3 Hydrologic Analysis 

The Lower Skagit River IFIM and estuary studies and recommendations in this section have 
addressed the species microhabitat and behavioral requirements in their respective areas. 
Recommendations for both areas also have added benefit for other aquatic species within the 
Lower Skagit study area. 

5.3.1 Functional Hydrologic and Biologic Considerations 

Other ecologically relevant attributes of the river system, such as flushing flows for outmigrating 
fish, habitat diversity, biotic diversity, species distribution, ground water movement and nutrient 
cycling are recognized to be dependent upon the natural hydrologic variations within a river 
system (Richter et al., 1997). Natural hydrologic fluctuations that occur seasonally and annually 
are critical factors that shape nearly all functional aspects of the river system (Hill et al., 1991 ). 

To retain the valuable functions of the hydrologic fluctuations, it is necessary to retain significant 

natural hydrologic variability within the flow regime (Allan, 1995; Hill et al., 1991) .. Although a 
portion of the flow in thy Lower Skagit study area is regulated by water releases from 
hydroelectric projects, flow from nearly 70% of the watershed is not subject to human control. 
In addition, size of the impoundments and regulatory restrictions on the projects limit the 
seasonal impacts to hydrologic variability (Appendix F). 
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5.3.2 Decisions made by the Skagit River Instream Flow Committee 

The Committee discussed the issue ofhydrologic impacts on the ecological function of the 
Skagit River and decided that significant impacts to the historical hydrologic regime should be 
avoided. Based on the professional judgement of the group, the Committee further determined 
that a 10% maximum threshold was a reasonable level to set for significant impacts. 

In order to ensure that the historic hydrologic regime is not significantly altered, the Committee 
determined that a limit would be placed on the maximum water allocation from the Skagit River 
from September through January, when the recommended maximum allocation for estuarine 
habitat protection is not in effect. 

After review of the historical hydro logic data from the gaging station at Skagit River near Mt. 
Vernon (USGS Sta.#12200500), the Committee decided that the monthly 50% exceedence flow 
was a reasonable criteria to use as a basis to compute the 10% impact threshold. The historical 
50% exceedence flow is defined as the flow that is equaled or exceeded on 50% of the days 
during a particular month. 

The Committee recommended the maximum water allocation from the Skagit River be limited to 
10% of the flow that is equaled or exceeded 50% of the time for each month. The value for 10% 
of each monthly 50% exceedence flow is shown in Table 5 .3-1. The flow duration table that lists 
all exceedence flows is shown in Table 4.x-x and the relevant 50% exceedence flows are shaded. 
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Table 5.3-1 Recommended Maximum Allocation for the Skagit River 
Based on Estuary and Hydrologic Studies - Measured at USGS 
Sta. #12200500 Skagit River near Mt. Vernon, WA 

Month Total Maximum Allocation (CFS) 

January 1,560 = (10% of Monthly 50% Exceedence Flow) 

February Estuary Results= 836 cfs 

March Estuary Results= 836 cfs 

April Estuary Results= 836 cfs 

May Estuary Results = 836 cfs 

June Estuary Results= 836 cfs 

July Estuary Results= 836 cfs 

August Estuary Results= 836 cfs 

September 830 = (10% of Monthly 50% Exceedence Flow) 

October 991 = ( 10% of Monthly 50% Exceedence Flow) 

November 1-15 1450 = (10% of Monthly 50% Exceedence Flow) 

November 16-30 1450 = (10% of Monthly 50% Exceedence Flow) 

December 1-15 1610 = (10% of Monthly 50% Exceedence Flow) 

December 16-31 1610 = (10% of Monthly 50% Exceedence Flow) 

5.4 Final Recommendations 

The final instream flow recommendations of the Committee for the Lower Skagit River are listed 
in Table 5.4-1. The flows and allocation limits recommended represent an integrated set of 
conditions that will ensure adequate instream flows for fish habitat protection in both the Lower 
mainstem Skagit and estuary areas. The allocation limits recommended will allow the 
hydro logic regime to provide the multitude of beneficial functions which are critical to a healthy 
and diverse river ecosystem. Finally, governing bodies or involved representatives of all the 
signatories to the MOA have endorsed the final recommendations contained in Table 5.4-1. 
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Table 5.4-1 Recommended Flows and Maximum Allocation for the Lower Skagit 
River Based on IFIM, Estuary and Hydrologic Studies - Measured at USGS Sta. 
#12200500 Skagit River near Mt. Vernon, WA 

Recommended 
Month Flow (CFS) Issue Total Maximum Allocation (CFS) 

January 10,000 Steelhead & Chinook Rearing 
1,560 = (10% of Monthly 50% 
Exceedence Flow) 

February 10,000 Steelhead & Chinook Rearing Estuary Results= 836 cfs 

March 10,000 Steelhead & Chinook Rearing Estuary Results = 836 cfs 

April 12,000 Steelhead Spawning Estuary Results = 836 cfs 

May 12,000 Steelhead Spawning Estuary Results= 836 cfs 

June 12,000 Steelhead Spawning Estuary Results = 836 cfs 

July 10,000 Steelhead & Chinook Rearing Estuary Results = 836 cfs 

August 10,000 Steelhead & Chinook Rearing Estuary Results = 836 cfs 

September 10,000 Steelhead & Chinook Rearing 
830 = (10% of Monthly 50% 
Exceedence Flow) 

October 13,000 
Chum Spawning 991 = (10% of Monthly 50% 
Chinook Spawning Exceedence Flow) 

November 1-15 13,000 
Chum Spawning 1450 = (10% of Monthly 50% 
Chinook Spawning Exceedence Flow) 

November 16-30 11,000 
Chum Spawning 1450 = (10% of Monthly 50% 

Exceedence Flow) 

December 1-15 11,000 Chum Spawning 
1610 = (10% of Monthly 50% 
Exceedence Flow) 

December 16-31 10,000 Steelhead & Chinook Rearing 
1610 = (10% of Monthly 50% 
Exceedence Flow) 

I 
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